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Staff Meeting Report

Silo-Filler's Disease: A Newly Recognized Syndrome
Caused by Nitrogen Dioxide Inhalation

with a Report of Six Caseso

Thomas Lowry, M.D.,l and Leonard M. Schuman, M.D~2

These studies show that inhalation of an irritant gas, nitrogen
dioxide, which accumulates in freshly filled silos may produce highly
lethal bronchiolitis obliterans as one of several possible broncho-pul
monary sequelae. Clinical manifestations vary according to the in
tensity of exposure and the period of inhalation.

This hazard of farming can be avoided simply by not entering a
silo during filling and for a week to ten days after completion thereof.

Diagnosis of the syndrome depends upon a history of exposure to
the irritating silage gas a short time before symptoms develop. Roent
gen and other features of disease may mimic certain infections, espe
cially miliary tuberculosis and histoplasmosis. Since two of the silo
exposed patients appeared to benefit from adreno-cortical hormone
therapy, such infections must be excluded before initiating treatment.

Medical literature contains several references to fatal bronchio
litis obliterans due to accidental breathing of nitrogen dioxide in
chemical laboratories, industrial establishments, and elsewhere. How
ever, human disease from exposure to silage-derived nitrogen dioxide
apparently has not been described or recognized as an occupational
hazard in agriculture.

The six cases in our series were observed in 1955, all but one
originating in Minnesota. Implication of silage gas as the etiologic
agent in our cases was established as follows:

1) All six patients became ill immediately after inhaling irritat
ing fumes in a silo or silo chute; exposure occurred within 48 hours
after filling was initiated.

"This is an abstract of a report given at the Staff Meeting of the University of Minne
sota Hospitals on April 13, 1956. A copy of the complete report, including tables and
references, may be obtained by writing to the Editor, UNIVERSITY OF MINNESOTA
MEDICAL BULLETIN, 1342 Mayo Memorial, Minneapolis 14, Minn.
'Clinical Professor, Department of Medicine, and Chief, Medical Service, Minneapolis
General Hospital.
• Associate Professor. School of Public Health.
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THE MEDICAL BULLETIN

2) Clinical and roentgen findings of bronchiolitis fibrosa oblit
erans appeared in four of six persons affected. Of these four, two
died, and post-mortem examination showed typical changes. One
additional patient succumbed to pulmonary edema 36 hours after
exposure, presumably having inhaled a much larger amount of gas
than the others. The sixth subject had a similar picture but was never
gravely ill and recovered spontaneously from extensive lobular pneu
monia.

3) Nitrogen dioxide is irritating and has been shown elsewhere
to cause bronchiolitis fibrosa obliterans when inhaled aCcidentally.
No other gas with these characteristics has been found to emanate
from Silage.

4) Experimentally, it has been shown that nitrogen dioxide is
produced early in silage fermentation; under certain conditions of
soil nitrogen content and moisture, high concentrations are reached,
far above the safe human limit which has been estimated as 10 to
25 parts per million of air.

Clinical Summary

The clinical characteristics of Silo-Filler's Disease, noted in five
of the six cases, in sequence of development are:

1) Irritating gas is inhaled in or near a silo within a few hours
to three or four days after filling is commenced.

2) Choking sensation, cough and dyspnea, and severe weakness
occur immediately after exposure.

3) This is followed by two or three weeks of relative improve
ment, though cough, malaise, and dyspnea persist, and weakness
progresses.

4) A second phase, often with chills, begins about three weeks
after exposure. Fever, increasing dyspnea, cyanosis, and severe cough
are followed by death or the beginning of recovery three and a half
to six weeks after the inhalation episode.

5) Numerous fine and medium moist inspiratory rilles and sibi
lant asthmatic-type rilles during expiration are heard, the latter sig
nifying obstruction of small bronchi and bronchioles.

6) By x-ray, all lung tissue appears infiltrated with countless
discrete miliary nodular densities which become confluent in advanced
stages of the disease.

7) Moderate to marked neutrophilic leukocytosis is characteris
tic. Late in the course, increasing blood CO2 combining power is an
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ominous sign. Other laboratory tests were normal, including sterile
cultures of blood, sputum, and bone marrow for bacteria and fungi,
and negative virus studies of lung tissue.

Incidence and Pathogenesis
The pathologic entity, bronchiolitis fibrosa obliterans, is, indeed,

rare. Among 70,281 autopsies filed and indexed in the Department
of Pathology, University of Minnesota Medical School, only two in
stances were found.

The pathologic features are distinctive. The lungs contain grossly
visible lesions palpable as firm nodules. Microscopically, each nodule
consists of a small bronchus or bronchiole filled with fibrinous ex
udate; the lumen is eventually occluded by ingrowth of fibroblasts.

Recognized causes of bronchiolitis obliterans include inhalation
of an irritant gas, bronchial and pulmonary infections, and "unknown
etiology." The majority of documented cases ascribed to gases have
been due to nitrogen oxides, with occasional reports incriminating
phosgene, chlorine, ammonia, and other toxic gases.

McAdams recently reported a fatal case of bronchiolitis obliterans
due to accidental inhalation of nitrogen dioxide. A laboratory quickly
filled with dense fumes, and the agent was identified beyond doubt.
The course of illness, the duration of each phase, and changes seen
at autopsy were identical with those of our first two cases.

Nitrogen Dioxide Produced in Silos

Data in the literature offer evidence that toxic concentrations
of nitrogen dioxide may be given off in the process of silage fermen
tation. The frequency of this occurrence in full scale silos has not
been determined, but plans are being made to assess this hazard.

Meanwhile information has been obtained from experimental
miniature silos by Briggs, Jezeski, and Otis. Apparently oxides of
nitrogen may be given off in sufficient quantity to produce concen
trations reaching 200 to 400 ppm, which are greater than those re
quired to cause serious or fatal illness in animals and probll;bly in man.

Evolution of these gases begins within a few hours after com
mencement of silo filling, reaches a maximum between one and two
days later, and continues at lessening rates for a week or longer. No
irritant gas other than nitrogen dioxide has thus far been detected.

Nitrogen oxides from silage are derived almost entirely from in
organic nitrates in the plant, and, therefore, levels are roughly pro
portional to nitrate concentration in the silage. Factors known to
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THE MEDICAL BULLETIN

increase plant nitrates are drouth; nitrate-fertilized soil; and imma
turity of the plant itself.

A trend toward greater use of commercial chemical compounds
in modern farming seems likely to increase nitrate levels in crops, thus
possibly increase the hazard of exposure to silage gas.

Other Effects of Nitrogen Dioxide on Lungs and Bronchi
Various types and degrees of pathologic change in the lungs and

bronchi have been shown to result, clinically or experimentally, from
exposure to different quantities of nitrogen dioxide.

Reports of fatal inhalation of oxides of nitrogen in the medical
literature indicate that most deaths occur within three days after
exposure, and more than half occur within 24 hours. Individuals
dying early succumb primarily to pulmonary edema, but incipient
bronchopneumonia is detected in most of the victims living two days
or more. There is no information available, however, concerning those
persons who are exposed, but either have no symptoms, or develop
trivial reactions and recover without medical care.

Research in animals has shown that the larger the concentration
of nitrogen dioxide employed, the shorter the survival time. From
such available material, including one record of experimental human
exposure, the type of pathology that may result from a given dose
may be tentatively estimated.

The following estimates are based upon the assumption that gas
is inhaled for 30 minutes to an hour: 500 or more parts per million
of nitrogen dioxide would probably cause acute pulmonary edema
with death in less than two days; from 300 to 400 ppm, edema and
bronchopneumonia fatal before 10 days; 150 to 200 ppm, bronchio
litis fibrosa obliterans with death in three to five weeks; 50 to 100
ppm, bronchiolitis and focal pneumonitis with spontaneous recovery.

With amounts of 25 to 75 ppm, one might expect varying
degrees of bronchitis and bronchopneumonia. From 10 to 40 ppm,
or even less than 10 ppm with prolonged exposure might cause
chronic pulmonary fibrosis and emphysema. Such a process might
account for some instances of so-called farmer's lung.

Protective Measures

In addition to measures designed to prevent unwary persons,
children, or animals from entering silos during the danger period,
farmers might provide good ventilation about the base to carry off
the harmful gas.
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A simple test for detection of nitrogen oxides is being developed
and will be available in a year or two. This will probably be accom
plished by a testing paper to be placed in silos and show nitrogen
oxides by specific color reaction.

Treatment
Although our experience is limited, it appears that patients de

veloping Silo-Filler's Disease might benefit from adrenocortical hor
mones started soon after the diagnosis is confirmed. Other therapeutic
measures tried in our cases had no evident effect on the course of
the disease.

One patient was referred by Dr. Joseph D. Selmo of Norwood, Minn., and the
other by Dr. Ralph Rayner of Glencoe, Minn. A third was treated by Doctors Duane
C. Olson and V. A. Schulberg of Gaylord, Minn., in consultation with Dr. Harold E.
Miller of Minneapolis. A fourth case was observed by Doctors H. G. Deerhake, P. A.
Connaughton, and E. Steere of Lima, Ohio. Two cases are included with the permis
sion of Doctors Herbert W. Schmidt, L. T. Delaney, Charles Stroebel, and Jesse T.
Edwards of the Mayo Clinic. Rochester, Minn.

Autopsies were done by Dr. Frederick H. Lolt of Northwestern Hospital, Minne
apolis. Colored photomicrographs were made by Dr. John 1. Coe of Minneapolis Gen
eral Hospital. Lung tissue was examined for microorganisms by Dr. Henry Bauer of
the Minnesota Department of Health.

Assistance was also ~iven by Rodney A. Briggs, Ph.D., J. J. Jezeski, Ph.D., and
C. K. Otis. Ph.D.. of the Minnesota State Agricultural Experiment Station; George
Raschka and Russell Frazier of the Minnesota Department of Health; and George
Michaelsen of the University of Minnesota Students' Health Service.
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Staff Meeting Report

Observations on Water and Electrolyte
Balance in the Newborn Infant"'t

Eleanor Colle, M.D.,! and Elsa Paulsen, M.D.2

With the technical assistance of Robert Gunville, B.A.·

The manner in which infants handle water and electrolytes after
surgery is particularly interesting in the first four days of life, the
period of physiologic diuresis of water and salt. Potassium and nitro
gen losses are increased, as in older children and adults. However,
sodium is also excreted in large amounts, serum sodium does not fall,
and fluid retention is not observed.

With maturity the usual adult reactions occur. For example, at
the ages of seven months and nine years, the post-surgical state is
characterized by sodium retention, potassium and nitrogen loss, low
serum sodium, and transient fluid retention. Between the extremes
of the neonatal period and later infancy, electrolyte changes after
surgery are inconstant but gradually the mature pattern evolves.

We first became interested in neonatal electrolyte problems be
cause of uncertainty over the maturity of adrenal function in the
first week of life. At birth, the gland is relatively larger than in the
adult, but about 80% of the gland is composed of fetal cortical tissue.
By the second postnatal week, the fetal zone is necrotic, and at one
year no trace is found. However, adult cortex increases in volume,
so the gland never loses more than half its initial weight.

It is tempting to correlate the dissolution of fetal cortex and the
relatively small amount of adult cortex with evidence of adrenal in
sufficiency, such as absence of febrile response, lack of leukocytosis
during stress, poor defense against infection, and absence of diurnal
eOSinophil patterns. Blood sugar levels are low in the first week,
especially during the first three days; eosinophil counts are relatively

·This is an abstract of a report given at the Staff Meeting of the University of Minne
sota Hospitals on April 20, 1956. A copy of the complete report, including references
may he obtained by writing to the Editor, UNIVERSITY OF MINNESOTA MEDI~
CAL BULLETIN, 1342 Mayo Memorial, Minneapolis 14, Minn.
tTbis work was supported by Grant H 2066 of the U. S. Public Health Service.
'Instructor, Department of Pediatrics.
"Medical Fellow, Department of Pediatrics.
"Junior Scientist, Department of Pediatrics.
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high and react feebly to exogenous ACTH. The 17-hydroxycorticos
teroid blood levels drop rapidly in the first five days, but ACTH ad
ministration or surgery will result in increased blood corticoids as
early as the first day of life. .-

In the adult, surgical assault is followed by a fairly constant re
sponse, including salt retention, potassium diuresis, lowering of the
eosinophil count, and increased 17-hydroxycorticosteroids in blood
and urine.

Certain normal physiologic changes in the newborn infant compli
cate interpretation of post-surgical electrolyte changes. For example,
the newborn child has metabolic acidosis, which is ordinarily cor
rected in twenty-four hours. Body water is excessive, and the surplus
is thought to be mainly extracellular. In 8 to 10% loss of body weight
is sustained in the first five days of life. During this time, plasma
electrolytes seems to depend largely on fluid intake. If enough 5%
glucose is provided, sodium and chloride values are roughly the same
as those in adults; potassium is always higher. If no water is given,
solute concentrations rise, since body water may be inadequate to
excrete solutes.

During this period, electrolyte and nitrogen losses are constant
whether or not glucose is given. In edematous babies, losses of
sodium and chloride are larger and persist longer and potassium is
excessively retained, once positive nitrogen balance is achieved.

Kidney function is initially poor but improves continuously for
two years, glomerular maturation being more rapid than tubular
gain. Newborn infants, as a consequence of this impaired function,
are slow to excrete salt and loads.

Methods and Results
1) Daily balances of sodium, potassium, chloride, and nitrogen

were done on healthy newborns, on neonates and young infants
undergoing surgery, and on babies receiving intravenous ACTH.

2) Using capillary samples, blood sodium, potassium, chloride,
and urea nitrogen were determined.

3) Sodium, potassium, and chloride of urine and gastrointestinal
tract losses were measured. Total nitrogens were estimated by micro
Kjeldahl, and osmolar concentrations were determined with the Fiske
osmometer. In some cases, 17-hydroxycorticosteroid excretion was
measured.

According to Dr. C. A. Smith of Harvard, newborns who are
thirsted and fasted or fasted alone in the first four days of life have
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relatively constant electrolyte excretion of 0.4 mEq. per kilogram per
day and constant blood values, except in the thirsted group.

To determine the reaction of the healthy, unstressed infant to
nonprotein feeding, we gave an approximate post-surgical diet
nothing the first day, 5% glucose the second, and a hypotonic electro
lyte solution containing 25 mEq. of sodium, 22 mEq. of cholride, and
20 mEq. of potassium per liter.

During the fast and glucose periods, electrolyte excretion was
almost identical with Smith's values. When electrolytes were added,
balances became positive. Again, absolute electrolyte excretion re
mained fairly constant, and since the total urinary solute concentra
tion was well below the maximum the poor concentrating ability did
not contribute to failure of electrolyte excretion.

Other babies were watched for more than four days. If only
electrolyte solution was offered, losses steadily increased, though bal
ances remained positive. On a milk diet, nitrogen and all electrolyte
balances were positive.

The important finding is that when the initial electrolyte load
was presented in the first four days of life, all electrolytes were in
positive balance and serum values were never appreciably changed.
Nitrogen losses were about the same as in Smith's series until formula
was supplied.

Against this background, we may consider surgical changes.
Moore lists the following normal metabolic effects of operations:
( I) transient slight increase of temperature and pulse rates; (2)
transient decrease of urine volume; (3) nitrogen loss for three to
seven days, then positive nitrogen balance until complete recovery;
(4) loss of potassium for two to five days, then retention; (5) sodium
retention at times associated with low serum sodium levels, for two
to five days, followed by sodium diuresis; and (6) decrease of cir
culating eosinophils and increased excretion of steroid hormones.

A nine-year-old girl in our series reacted to cardiac surgery in
the typical adult way. Potassium and nitrogen losses were heavy,
her serum sodium dropped coincident with sodium retention, and 17
hydroxysteroid levels increased.

Balances were then determined for several infants operated on
during the first few days of life. Two infants, ages 20 and 48 hours,
had ileal atresia; one, age 24 hours, had imperforate anus, two had
myelomeningoceles, and the last, four days old, had malrotation of
the large bowel.
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With one exception in which stress was minimal, each infant
less then four days old at surgery gave a uniform response. When
the procedure was long and drastic enough to produce the negative
nitrogen and potassium balances seen in adult patients, remarkably
large amounts of sodium were excreted in comparison with the usual
newborn rates.

The second group of infants, operated on the fifth or subsequent
days, were more difficult to interpret, but showed a definite tendency
to approach adult values. After lysis of duodenal bands at the age
of seven days, for instance, one infant lost large amounts of potassium
and nitrogen, and sodium retention was marked, although large ex
trarenal losses resulted in negative sodium balance. A girl of seven
months treated for intussusception had a characteristic adult post
operative response.

Possible Explanations of Results
1) The newborn may have hypoadrenocorticism. If this hypo

thesis were correct, one would not expect the potassium and nitrogen
changes uniformly found. Moreover, in day-old inafnts, blood corti
coids rise in response to ACTH and surgical stress.

2) The newborn reacts to stress with hormones that cause sodi
um loss rather than retention. Both Klein and Lanman have evidence
that ACTH produces sodium loss in premature infants. Our studies
in two infants, the younger seven days old, indicate that ACTH given
for eight hours by intravenous drip resulted in increased sodium ex
cretion during infusion and on the following days; potassium and
nitrogen balances also became negative. This is in contrast to the
post-surgical balances which showed sodium diuresis resulting from
surgical stress occuring only.in infants under four days of life.

3) Changes are due to pre-existing hormonal imbalance in the
newborn. One might suppose that the newborn child, having been
"pretreated" in the last trimester with high doses of maternal corti
ooids is in a withdrawal state and, therefore, reacts aberrantly to
adrenal secretions called forth by surgical stress.

4) The newborn adrenal can secrete the usual hormones caus
ing the typical postoperative response but is not stimulated to do so.
Although the adult adrenal does overproduce compound F after
surgery, these hormones may not cause all the electrolyte changes
observed.

A salt-retaining corticoid, possibly aldosterone, may be excreted
postoperatively. Aldosterone is apparently independent of pituitary
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control, and greater aldosterone activity is found in patients with
sodium depletion and low serum sodium. In adults, sodium retention
is closely related to a period of low urinary volume and a fall in
serum sodium, perhaps because of intracellular migration of sodium
and expansion of the extracellular space.

In none of the infants we have studied has paradoxical sodium
excretion been found in association with fluid retention or fall in
serum sodium. Since the infant is presumably born with an excess
of water and probably of sodium and since very young babies are
unaffected by antidiuretic hormone, the electrolyte shifts of later life
may not occur. Hence there may be no stimulus for aldosterone
secretion, even though the glycorticoids mediated by pituitary stim
ulation are released in increased amounts as they are in the older
individual.
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Editorial

Animal Experimentation at the
University of Minnesota Medical School

Research at the University of Minnesota Medical School has
become an important and rewarding endeavor. Nearly every depart
ment has an active research program. The investigations cover nearly
all phases of medical science from basic research to inquiry into the
possible solution of specific clinical problems. Since 1951 animal
experimentation has nearly doubled in volume. The magnitude of
the research program at the Medical School can be illustrated by
the number of animals used for experimental purposes during the
last year. From April 1, 1955, to March 31, 1956, a total of 4800
dogs, 1500 cats, 1700 rabbits, 6200 rats and 1200 quinea pigs was
used. Individual faculty members obtained a total of approximately
$2,000,000 in outside research grants for research carried out under
their direction. The State Legislature provided an additional $75,000
for research. The amount of money granted the Medical School for
research purposes is in itself a tribute to the caliber and integrity of
the individual investigators. In addition, a number of special awards
and honors have been conferred upon the outstanding investigators.
General public recognition and support of medical research is evi
dent in the increasing availability of funds from federal and private
agencies. The University of Minnesota can point with pride to the
many important contributions to the alleviation of human suffering
made by the University Medical School.

An important advance in medical research was made possible
by the State Legislature in 1949. In that year an Act (Chapter 195)
was passed "To promote scientific research and instruction in animal
and public health by making available to educational and scientific
institutions, unclaimed and unredeemed animals impounded by public
authority in animal pounds: to provide licenses, therefore, and penal
ties for violations, therefore." Prior to 1949 the antivivisection move
ment had effectively prevented the use of impounded animals for
research purposes. Thousands of dogs and cats were destroyed each
year in the Twin Cities area while at the same time the Medical
School and other research groups were forced to purchase animals
outside the Twin Cities limits. The law as originally passed in 1949
did not, however, completely solve the problem since convenient
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methods of enforcement had not been provided. In 1955 the State
Legislature amended the original Act to provide an easy means of
enforcement. The basic principle of the law enforcement provision
lies in the sentence: "Any establishment which fails or refuses to
comply with these provisions shall become immediately ineligible for
any further public funds from any county or municipality." Quick
action in the event of noncompliance by an animal pound was guar
anteed by the provision: "Upon receipt of a sworn statement by an
authorized officer or employee of any institution licensed hereunder
of noncompliance by any establishment with these provisions, it shall
be unlawful for the treasurer of any municipality or other political
subdivision of the state to pay any public funds to such establish
ment." Also, the law was amended to provide for action by the
Attorney General or County Attorney upon the complaint of any
establishment impounding animals by public authority. Of the 4800
dogs used during the last year approximately 2,000 came from animal
pounds. Without the animals obtained from the various pounds in
the Twin Cities area the research program at the Medical School
would have been seriously handicapped. In spite of the supply of
dogs by both private dealers and animal pounds the supply during
the last year was inadequate during the summer and fall of 1955.
During that period research programs, especially in the Department
of Surgery, were slowed down due to the lack of suitable animals for
research purposes. Supply at the present time is only meeting the
demands with no reserve supply possible. It seems incredible that
in spite of the great advances in medical science toward the relief
of both human and animal suffering and the research needs of our
national defense effort that in many parts of the country a small
but vociferous minority can influence legislative bodies to take a
course of action which hampers medical research. The research record
of the University Medical School should stand as a tribute to the
Minnesota State Legislature for its assistance in the problems of pro
curement of research animals and in the support of the University
generally.

W. G. KUBICEK, Professor,
Department of Physical Medicine and Rehabilitation.
Chainnan, Medical School Animal Hospital Committee
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Medical School Activities

Faculty News
DR. HERALD R. cox, Director of Viral and Rickettsial Research,

American Cyanamid Research Division, Pearl River, New York, de
livered a lecture "Immunization Against Viral Diseases" before the
Henrici Society for Microbiologists on Thursday, February 16.

DR. DAVID GLICK, Professor, Department of Physiological Chemis
try, and DR. LYLE A. FRENCH, Associate Professor, Division of Neuro
surgery, participated in a panel discussion on the effects of radiation
on the central nervous system at the Brookhaven National Laboratory
on March 15 and 16.

DR. B. J. KENNEDY, Assistant Professor, Department of Medicine,
reported on the resluts of hypophysectomy in advanced breast cancer,
work performed in collaboration with Doctors WILLIAM T. PEYTON and
LYLE A. FRENCH, at the Sloan-Kettering Institute for Cancer Research,
New York City, March 19.

DOCTORS ROBERT A. GOOD, Professor, Department of Pediatrics,
and RICHARD EGDAHL, Research Assistant, Department of Surgery,
presented invited papers at the New York Academy of Science on
February 2 and 3 during the Second Tissue Homotransplantation
Conference.

DR. WESLEY W. SPINK, Professor of Medicine and President of the
Minnesota Medical Foundation, presented the Annual Alpha Kappa
Kappa Lecture in Chicago on April 13 at Northwestern University
School of Medicine. His subject was "The Challenge of Infectious
Diseases." He will also give the Annual Address of the Minnesota
Academy of Science on May 4, speaking on "Brucellosis: An Ex
ample of the Interdependence of Research."

DR. HAROLD O. PETERSON, Clinical Professor, Department of
Radiology, participated in a Symposium on Peptic Ulcer sponsored
by the American College of Surgeons in Oklahoma City on February
24 and 25. Dr. Peterson also presented a paper at the 9th Annual
Postgraduate Symposium on Intercranial Neoplasms at the Indiana
University Medical School from March 27 to 29 entitled "Realiability
and Limitations of X-Ray Diagnosis of Intracranial Neoplasma."

DR. HERMAN C. LICHSTEIN, Professor, Department of Bacteriology
and Immunology, spoke to the Research Staff of the Hormel Institute,
Austin, Minnesota, on "Biotin - Fatty Acid Relationships in Micro-
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organisms" on March 22.
DR. JEROME T. SYVERTON, Professor and Head, Department of

Bacteriology and Immunology, delivered the annual George McCoy
Memorial Lecture entitled "Cells, Tissue Cultures, and Viruses" at
the Louisiana State University School of Medicine on April 11.

DR. RICHARD T. SMITH, Assistant Professor, Department of Pedi
atrics, presented a paper entitled "Sequelae of Prednisone Treatment
in Rheumatic Fever" at the annual meeting of the American Feder
ation for Clinical Research in Atlantic City April 29.

DR. GEORGE GIFFORD, Instructor, and JOHN ROSS and DEL ROSE
DUBBS, Research Assistants, Department of Bacteriology and Immun
ology, attended the conference of the Tissue Culture Association held
in conjunction with the meeting of the American Association of
Anatomists, Milwaukee, Wisconsin, from April 2 to 5.

The following series of papers, presented April 16 to 20 at the
annual meeting of the Federation of American Societies for Experi
mental Biology in Atlantic City, New Jersey, indicates the broad scope
of investigation in the basic science now in progress at the Medical
School.

ABERNATHY, ROBERT s. and SPINK, WESLEY W. (Medicine): Increased
Susceptibility of Mice to Bacterial Endotoxins Induced by Pertussis Vaccine.

ANDERSON, JOSEPH T., TALOR, HENRY L., and KEYS, ANCEL (Physiologi
cal Hygiene): Serum Cholesterol in Subjects on Reducing Diets High and
Low in Fat.

ARMSTRONG, w. D., and CASTER, w. O. (Physiological Chemistry):
Changes in Cardiovascular System Following Total Body X-Irradiation.

BOYER, P. D., ERNSTER, L., and LINDBERG, O. (Physiological Chemistry):
P" and 0'8 Incorporation into Intramitochondrial Phosphate Compounds
During Oxidative Phosporylation.

BROWN, E. B. (Physiology) and HAYDEN, ROYAL: Influence of Diamox
on Posthypercapnic Sequelae.

CAMPBELL, BERRY (Anatomy): Quantum Detection in Biological Sys
tems, with Particular Reference to Olfaction.

CASTER, w.O., and ARMSTRONG, w. D. (Physiological Chemistry):
Water Balance in the Rat following Total Body X-Irradiation.

CAVERT, H. MEAD, and BOYD, RUTH B. (Physiology): Metabolism of
Pyruvate-2-C" to C02 and Glycogen by Isolated Perfused Cardiac and
Skeletal Muscle.

CHAUDHRY, A. P., HALBERG, F., and BITTNER, J. J. (Cancer Biology):
Mitoses in Pinna and Interscapular Epidermis of Mice in Relation to Physio
logic 24-Hour Periodicity.

FRANTZ, I. D., DAVIDSON, A. G., and DULIT, E.: (Medicine) Isolation
from Rat Skin of a Possible Intermediate in Cholesterol Synthesis.
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GIFFORD, GEORGE Eo, ROBINSON, HUGH E., and SYVERTON, JEROME T.
(Bacteriology and Immunology): Effect of pH on Metabolism of Strain
HeLa Cells and on Replication of Poliomyelitis Virus.

GRANDE, FRANCISCO, ANDERSON, JOSEPH T., TAYLOR, HENRY L., and
KEYS, ANCEL (Physiological Hygiene): Effect of Restricted Water Intake
on Urinary Nitrogen Output in Man on Low-Calorie Diet Devoid of Protein.

GUTMANN, HELMUT R., PETERS, JOHN H., and NAGASAWA, HERBERT T.
(Physiological Chemistry): Metabolism of Fluorene Derivatives by Rat
Liver Slices.

HALBERG, FRANZ, (Cancer Biology) and VISSCHER, MAURICE B. (Physi
ology): Daily Variations in PhYSiological Parameters in Various Mammals.
(An exhibit)

JARDETZKY, C. Do, and BARNUM, C. P. (Physiological Chemistry): Intra
cellular Distribution and Metabolic Heterogeneity of Ribonucleic Acid
(RNA) in Regenerating Liver.

JOHNSON, JOHN A. (Physiology): Kinetics of Release of Radioactive
Substances from Frog Heart.

KUBICEK, W. G. (Physical Medicine) and THAL, A. P. (Surgery): Effects
of Diverting Renal and Adrenal Vein Blood into Portal Vein upon Kidney
Function and Goldblatt Hypertension in Dogs.

LEE, Y. CHIUNG PUR; KING, JOSEPH T., and VISSCHER, MAURICE B. (Physi
ology): Dietary Minerals and Vitamin E in Mouse "Paralysis".

MAC LEAN, L. Do (Surgery), WElL, M. H. (Medicine), STISH, R. J.
(Physiology), SPINK, WESLEY w. (Medicine), and VISSCHER, MAURICE B.
( Physiology): Circulatory Changes in Liver and Small Intestine of the
Dog Mter Escherichia Coli Endotoxin.

MC CLINTOCK, Ro, and LIFSON, NATHAN (Physiology): Use of Deuterium
and 0 '8 to Measure Total CO. Output and Body Water of Obese-Hyper
glyemic Mice.

MONAGLE, J. EDGAR; GRANDE, FRANCISCO; BUSKIRK, ELSWORTH; BROZEK,
JOSEPH; TAYLOR, HENRY, and KEYS, ANCEL (Physiological Hygiene): Body
Temperature During Work in a Man on a Restricted Water Intake and a
Low Calorie, Carbohydrate Diet.

NAHAS, G. G. (Physiology): Acute Hypoxia and Pulmonary Circula.
tion of Dogs During Apena.

SIMONSON, ERNST, and KEYS, ANCEL (Physiological Hygiene): Effect
of Age on Mean Spatial QRS and T Vectors.

TAYLOR, HENRY Lo; GRANDE, FRANCISCO; BUSKIRK, ELSWORTH; ANDERSON,
JOSEPH, and KEYS, ANCEL (Physiological Hygiene): Water Exchange in
Man in the Presence of a Restricted Water Intake and a Low Calorie Car
bohydrate Diet.

VON KORFF, R. T. (Pediatrics): Beta-Hydroxybutyrate and Acetoacetate
Oxidation by Heart Muscle Mitochondria.

WILLIAMS, w. LANE (Anatomy): Inhibition by Vitamin Bl2 of Corti
sone-induced Weight Loss in Mice.
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Postgraduate Education

Proctology for General Physicians
The University of Minnesota announces a continuation course

in Proctology for General Physicians which will be held at the Center
for Continuation Study from May 14 to 19, 1956. All aspects of
rectal and colonic disorders will be taken up during the week long
session. Guest speaker will be DR. HYRUM R. REICHMAN, Head of the
Proctologic Clinic at the University of Utah Medical School. The pro
gram will be presented under the direction of DR. WALTER A. FANSLER,

Clinical Professor and Director, Division of Proctology.

Surgery for General Surgeons
The University of Minnesota, in cooperation with the American

College of Surgeons, is offering a continuation course in Surgery for
General Surgeons from May 24 to 26, 1956. Half-day sessions will
be devoted to preoperative and postoperative care, cardiovascular sur
gery, and abdominal surgery including ulcer and gallbladder surgery.
One session will be devoted to informal case presentations and a sur
gical pathological conference. Registrants will also have an oppor
tunity to attend operative clinics or, alternatively, to attend a session
devoted to advances in surgical research. This year's guest speaker
will be DR. ROBERT M. ZOLLINGER, Professor and Chairman, Depart
ment of Surgery, Ohio State University College of Medicine, who
in addition to participating in the course will also deliver the Annual
E. Starr Judd Lecture on Thursday evening, May 24, to which all
course registrants will be invited. The course will be presented under
the direction of DR. OWEN H. WANGENSTEEN, Professor and Chairman,
Department of Surgery.

Notice
All continuation courses presented by the University of Minn

esota are approved for formal postgraduate credit by the American
Academy of General Practice. Attendance certificates will be furnished
on request.

Further information concerning the above programs or others
to be presented may be obtained by writing to Dr. Robert B. How
ard, 1342 Mayo Memorial, University of Minnesota, Minneapolis 14.
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Coming Events

May 7-12. . . . . Continuation Course in Electrocardiography
for General Physicians

May 10. . . . . . Student-Faculty Coffee Hour; Foyer, Mayo
Auditorium; 3:30 to 5:30 P.M.

May 14-19 . . . . Continuation Course in Proctology for Gen
eral Physicians

May 15 DULUTH CLINIC LECTURE; "Experimen
tal Hepatic Injury in its Relation to Hepatic
Disease in Man"; Dr. Paul Gyorgy, Professor,
Department of Pediatrics, Hospital of the Uni
versity of Pennsylvania, Philadelphia; Mayo
Memorial Auditorium; 8:15 P.M.

May 22. . . . . . MINNESOTA MEDICAL FOUNDATION
LECTURE; "The Patient Who Won't Get
Well"; Dr. Donald W. Hastings, Professor and
Director, Division of Psychiatry, University of
Minnesota Medical School; 4:30 P.M. (Dur
ing 103rd Annual Meeting, Minnesota State
Medical Association, Rochester, Minnesota)

May 24. . . . . . E. STARR JUDD LECTURE; "Clinical and
Experimental Observations on the Pancreas";
Dr. Robert M. Zollinger, Professor and Chair
man, Department of Surgery, Ohio State Uni
versity College of Medicine; Mayo Memorial
Auditorium; 8:00 P.M.

May 24. . . . . . Student-Faculty Coffee Hour; Foyer, Mayo
Auditorium; 3:30 to 5:30 P.M.

May 24-26 . . . . Continuation Course in Surgery for Surgeons
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Faculty Publications

ADAMS, PAUL, KEELE, M., and BARONOFSKY, 1.: Coarctation of
the Aorta in Infants. J. Lancet, 75:66, 1955.

ADAMS, PAUL, and ANDERSON, RAY C.: Differentiation of Asso
ciated Cardiac Defects in Transposition of the Great Vessels. J. Lan
cet, 75:60, 1955.

ADAMS, PAUL, ANDERSON, RAY C., and NOVICK, R.: Cardiac
Manifestation of Friedreich's Ataxia in Children. J. Lancet, 75:62,
1955.

ANDERSON, RAY C., and HERMANN, H. W.: Leukemia in Twin
Children. J.A.M.A., 158:652, 1955.

ANDERSON, RAY C., HEILIG, W., NOVICK, R., and JARVIS, C.:
Anomalous Inferior Vena Cava with Azygous Drainage; So-Called
Absence of the Inferior Vena Cava. Am. Heart J., 49:318, 1955.

ANDERSON, RAY C.: Heredity of Diseases of the Heart, Blood
Vessels, and Blood. Minn. Med., 38:82, 1955.

BOUCHER, N. E., JR., SYVERTON, J. T., and BITTNER, J. J.: Effects
of Radiophosphorus and Cortisone on Transplanted Mammary Adeno
carcinomas in Susceptible and Resistant Mice. Cancer Research, 16:
22, 1956.

COMMITTEE ON ECHO VIRUSES: Enteric Cytopathogenic Human
Orphan ECHO Viruses. Science, 122:1187, 1955.

CONDIE, R. M., ZAK, S. J., and GOOD, ROBERT A.: Effect of Me
ningococcal Endotoxin on Resistance to Bacterial Infection and the
Immune Response to Rabbits. Federation Proc., 14:459, 1955.

GOOD, ROBERT A., and VARCO, R. L.: Studies on Agammaglob
ulinemia. 1. Successful Homotransplantation of Skin in a Patient with
Agammaglobulinemia. J.A.M.A., 157:713, 1955.

GOOD, ROBERT A.: Studies on Agammaglobulinemia. II. Fail
ure of Plasma Cell Formation in the Bone Marrow and Lymph Nodes
of Patients with Agammaglobulinemia. J. Lab. & Clin. Med., 46:
167, 1955.

GOOD, ROBERT A., and VARCO, R. L.: Agammaglobulinemia
A Clinical and Experimental Study. J. Lancet, 75:245, 1955.

GOOD, ROBERT A., and KELLEY, V. C.: Studies on Agamma
globulinemia. V. The Role of the Adrenal Gland in the Phenomenon.
Proc. Soc. Exp. BioI. & Med., 88:99, 1955.
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GOOD, T. A., CARNAZZO, S. J., and GooD, ROBERT A.: Thrombo
cytopenia and Giant Hemangioma in Infants. Am. J. Dis. Children,
90:260, 1955.

JARDETZKY, CHRISTINE D., and GLICK, DAVID: Studies in Histo
chemistry. XXXVIII. Determination of Succinic Dehydrogenase in
Microgram Amounts of Tissue and its Distribution in Rat Adrenal.
J. BioI. Chem., 218:283, 1956.

JENSEN, REYNOLD A.: The Physician's Role in Preventive Mental
Health Services. Am. J. Psychiatry, 3: No.2, May, 1955.

KAMMAN, GORDON R.: The Rorschach Test and Its Forensic
Implications. J. Lancet, 73:325, 1953.

KAMMAN, GORDON R., and RAUDENBUSH, DAVID W.: Medico
Legal Relations. Minn. Med., 38:228, 1955.

MCQUARRIE, IRVINE: Hypoglycemia in Infancy and Childhood:
Differential Diagnosis and Therapy. Postgrad. Med., 18: No.4, Oct.,
1955.

MCQUARRIE, IRVINE, and GooD, ROBERT A.: The Clinical Sig
nificance of Congenital Deficiencies of Specific Plasma Proteins. Ar
chivos de Pediatria del Uruguay, 26:192, 1955.

SACHS, D., SMITH, RICHARD T., FURCOLOW, M. L., and FLEMING,
D. S.: The Prevalence of Positive Reactions to Tuberculin and Histo
plasmin in a Rural Minnesota County. Am. J. Hygiene, 62:43, 1955.

SMITH, RICHARD T.: SepticeInia and Meningitis in a Newborn;
Report of an Unusual Example Due to Simultaneous Infection by
Escherichia coli and Pseudomonas Aemgif1()sa, with Recovery. J. Pe
diatrics, 47:740, 1955.

SMITH, RICHARD T.: Histoplasmosis: Clinical and EpideInio
logical Studies in Minnesota with a Review of the Literature. J.
Lancet, 75:83, 1955.

SMITH, RICHARD T., and THOMAS, L.: Lethal Action of Gram
Negative Bacterial Endotoxins on the Chick Embryo. Federation
Proc., 14:478, 1955.

SMITH, RICHARD T., and LOWE, C. U.: Pyruvic Aciduria in a
Patient with Organic Aciduria. Helvetica Paediatrica Acta, 10:220,
1955.

SMITH, RICHARD T., and RAETZ, S. J.: Histoplasmosis: Prelim
inary Report of a Family Outbreak in Rural Minnesota. Minn. Med.,
38:531, 1955.

SUNDBERG, R. DoROTHY: Differential Diagnosis of Anemias
Which Present Peripheral Leukoerythroblastotic Reactions. Am. J.
Med. Tech., 22:34, 1956.
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9:15 to 11:30 A.M.

Saturday, 7:45 to 9:00 A.M.

WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

Monday, 9:00 to 10:50 A.M. OBSTETRICS AND GYNECOLOGY
Old Nursery, Station 57
University Hospitals

12:30 to 1:30 P.M. PHYSIOLOGY-
PHYSIOLOGICAL CHEMISTRY
214 Millard Hall

4:00 to 6:00 P.M. ANESTHESIOLOGY
Todd Amphitheater,
University Hospitals

Tuesday, 12:30 to 1:20 P.M. PATHOLOGY
104 Jackson Hall

Wednesday, 7:45 to 9:00 A.M. PEDIATRICS
McQuarrie Pediatric Library,
1450 Mayo Memorial

Friday, 8:00 to 10:00 A.M. NEUROLOGY
Sta.tion 50, University Hospitals

9:00 to 10:00 A.M. MEDICINE
Todd Amphitheater,
University Hospitals

1:30 to 2:30 P.M. DERMATOLOGY
Eustis Amphitheater,
University Hospitals

ORTHQPEDICS
Powell Hall Amphitheater

SURGERY
Todd Amphitheater,
University Hospitals

For detailed information concerning all conferences, semi
nars and ward rounds at University Hospitals, Ancker Hospital,
Minneapolis General Hospital and the Minneapolis Veterans Ad
ministration Hospital, write to the Editor of the BULLETIN,
1342 Mayo Memorial, University of Minnesota, Minneapolis 14.




